I first argue that the extraterrestrials we will find will not communicate, for the simple reason that they would likely be either immensely inferior or immensely superior to us. Then, I argue that the discovery of extraterrestrials will be slow, like other previous major scientific discoveries. I introduce a multidimensional model to assess and to prepare the impact of discovering extraterrestrial life. Twenty-six dimensions are introduced, illustrated with spider diagrams, which cover both what extraterrestrial might look like, and how humans may react.
-Introduction
Most science fiction books and movies depict extraterrestrials (ETs) that are similar to us in many ways. They are at our scale, have eyes, limbs, body symmetries. But what if, the day we find ETs, they don't look like us? What if they are so different that no communication is possible? How would it impact our worldviews to find non-communicative ETs?
I first argue that we will most likely find microbial life or stellar civilizations, but nothing in-between. Then, I show that the discovery of ET life will most likely be very slow, taking years or decades. Finally, to prepare for discovery, I propose a multidimensional impact model.
-Why extraterrestrials will not communicate
The principle of mediocrity is fundamental in astrobiology. It says that "we should assume ourselves to be typical in any class that we belong to, unless there is some evidence to the contrary" (Vilenkin 2011) . Applied to our position in space in the universe, it means that our solar system, our galaxy and possibly our universe -if there is a multiverse-are typical. They are not central or special in any way. This insight is well known and well assimilated, and is also known as the Copernican principle. However, what if we apply it to our position in time?
If we map our position in time according to the Kardashev (1964) scale (Fig. 1) , we can see that we are in an extremely short transition phase from technical impotence to technical omnipotence. Indeed, the exponential growth of our energy consumption is very recent on evolutionary time scales, and will be limited when and if we are able to harness the energetic output of the Sun.
If our position in time is typical, it means that we have most chances to find either microbial life (left-side of the step function), or stellar civilizations (right-side of the step function). It is extremely unlikely that we would find a civilization that is also in the short transition phase that we are in.
This difference in levels of development further leads to the argument that ETs will not communicate. If they are microbial, they will have not more to say than their biological organization can reveal (which is still very exciting for astrobiologists). If they are stellar civilizations, there might be ethical barriers to communication, as the prime directive in Star Trek which prohibits advanced civilizations to interfere with the development of lesser advanced ones. Of course, it is not an absolute rule, and there may be alien anthropologists who would want to study and communicate with alien races in the galaxy. However, the difference in development also brings a motivational barrier to communication. Why don't we spend time whispering to bacteria or plants that E = mc 2 ? It doesn't make sense to even try because it's simply a waste of time. In the same way, from the perspective of an advanced stellar civilization, it would probably make no sense to spend time and efforts to try to communicate to a relatively primitive and transitioning civilization such as our own.
There is a tradition of searching for non-communicative ETs, through searching for technological manifestations and artifacts (see e.g. Dyson 1960; 1966; Freitas Jr and Valdes 1985; Beech 2008; Bradbury, Ćirković, and Dvorsky 2011; Wright et al. 2014; Vidal 2014a, chap. 9) . But how do we prove the existence of advanced ETs if we can not communicate with them?
-A slow discovery
The ideal SETI (search for extraterrestrial intelligence) scenario occurs if we find a signal easy to observe and to decode, clearly stating the existence of another ET civilization.
The issue of proving the presence of ETs is much more difficult if they do not communicate. In this case, we need to compare predictions and explanations hypothesizing that a phenomenon is purely physical, with predictions and explanations hypothesizing that the same phenomenon is living. The living or non-living model which predicts and explains most would gradually be favored. History shows that claims of non-communicative ET life were ambiguous for long periods of time. For example, the hypothesis of microfossils on the Martian meteorite ALH84001 (McKay et al. 1996) have fueled controversies which still are discussed today (see e.g. Wainwright 2014 ). Turning to more advanced ET life, take the now amusing idea that there are artificial canals on Mars. It was championed by Percival Lowell in the 19 th century, but was actually ambiguous for 20 to 70 years (Steven J. Dick 1996, 78)! More generally, previous discoveries in astronomy constitute an extended process (Steven J. Dick 2013) , and scientific revolutions took decades to be fully appreciated (e.g. Kuhn 1957; 1970) . There is no reason the discovery of ET life should be different.
-A multidimensional impact model

-The Rio and London scales
Two scales have been proposed to assess the social impact of discovering ETs. The Rio scale attempts "to quantify the social impact" of a discovery of extraterrestrial intelligence (ETI), and the London scale has the same purpose for a discovery of extraterrestrial life (ETL) (Almár 2011) . They have the merit of being simple, but too much so. Let us briefly examine limitations of these scales.
First, the distinction between the Rio and London scale assumes that the distinction between ETL and ETI will be clear cut, and unambiguous. This is of course not guaranteed, for even on Earth it is a contentious issue to decide where simple life stops and intelligence starts.
Second, these scales have much too few dimensions. Only three dimensions are introduced (class of phenomenon, discovery type and distance) which, when calculated, provide an output number between 0 and 10, representing the significance of the discovery. Giving a result in one single number is similar to other scales, such as Richter's, which assesses the strength of an earthquake. This unidimensional number could give a first approximation to how important the discovery is, and such a simplification might be useful for the media to communicate with the general public. However, a number between 0 and 10 will quickly prove too simplistic and people will want to know more. By contrast, I shall propose below a richer model, with 26 dimensions.
Third, as Shenkel (in Almár 2001) has noticed, using this approach immediately associates the discovery of ETs with a danger, like an earthquake or an asteroid impacting the Earth. But discovering ETs could as well be the greatest opportunity for humanity to grow and learn.
Fourth, Almár (2001) wrote:
I would like to emphasize that the announcements of putative discoveries we are discussing as well as the circumstances we are ranking are, or will be, most likely connected with physics and astronomy -not social sciences. This is extremely surprising, if not self-contradictory, to aim to assess the social impact without considering social sciences! By contrast, Harrison's (1997, 244) book, one of the most comprehensive treatments of the subject matter, argues that "even the most clear and detailed announcement will elicit a variety of responses". Fifth, the one-number outcome implicitly assumes the impact will be uniform for all humans, cultures, religions, and all domains of knowledge and action. This is consistent with the proposition of ignoring social sciences… but can we really and safely ignore the complexities of human beings and societies?
In preparing for discovery there are actually two equally challenging issues: to envison what ETs will be like, and to envision the reactions of humans. Indeed, an impact is the meeting point of two components, in this case, ETs and humans.
-Dimensions and options
The most objective way to study an impact is to be outside of it. This seemingly simple remark is of fundamental importance. In my research, I often try to take a "meta" perspective, which leads to new insights (see Vidal 2014a) . It simply means to apply the concept to itself. What could it mean to take the perspective of "extraterrestrials of extraterrestrials"? It means to imagine not only what would happen from our perspective, or from the perspective of ETs involved; we should also imagine how a third ET civilization would analyze our impact with an ET life form or civilization.
The 26 dimensions are summarized in three spider diagrams ( Fig. 2-4 ), and the options are laid out in Table 1 . To choose the dimensions, I drew inspiration mostly from the Rio scale, and from Harrison's (1997) book. Table 1 .
Figure 3 -Ten dimensions of impact when envisioning humanity. Five dimensions of impact (a-e) concern objective aspects of a putative discovery; and five dimensions (f-j) deal with intersubjective or social aspects. Subjective dimension are in Fig. 4 , and all the options are listed in Table 1 . Table 1 . Although a much more comprehensive treatment would be needed, let us say a few words about these dimensions and options. Importantly, regarding ETs, I systematically include the unknown option in Table 1 , because in a slow discovery, we are unlikely to know all the aspects of ETs at once.
Group Dimension Options
-Envisioning extraterrestrials
The distance can be near or far, the nearest being in our body, e.g. if you consider genomic SETI (e.g. Davies 2010; shCherbak and Makukov 2013), or if you speculate that (directed) panspermia brought bacteria or viruses from space (e.g. Hoyle and Wickramasinghe 1990) . Other near options are in our solar system, or at a 50 light years radius from Earth, which would allow a back-and-forth travel or messaging within a human lifetime. The far option includes everything beyond 50 light years, from galactic to extragalactic sources. The furthest option is if the fine-tuning of the universe itself would be a signature from an advanced civilization. This could result from a successful "search for extrauniversal intelligence" (see e.g. Pagels 1989; Gardner 2004; Steven J. Dick 2008; Vidal 2014a) .
The nature of ETs can be simple or complex. Generally, the more complex, the higher the impact. The intent can be neutral (e.g. if we discover microbes), benevolent (like the E.T. in Spielberg's movie), malevolent (like almost all other movies). The intent can also be benevolent and malevolent, depending on specific contexts and situations. There is no reason that it should be Manichaean and uniform. If ten million humans were to colonize a new planet, they would certainly not all be benevolent with its inhabitants. The more malevolent, the higher the impact. Of course, the intent is largely a subjective dimension. Even the most malevolent ETs killing humans randomly could be interpreted by some to be a good thing that they annihilate the human race. Also, a microbe killing the Earth's biosphere might seem malevolent from our point of view, but it is neutral from its point of view.
The size of ETs can be away from our scale or near our scale. In the former case, the impact is high, because it is disconcerting if we cannot interact directly with an amazingly large galactic Type III civilization on Kardashev's (1964) scale, or with atto-sized ETs living at a very small scale (Type VI on Barrow's 1998, 133 scale; see also Vidal 2014a, chap. 9.2). Both would be equally hard to apprehend. Note that in popular culture and imagination, ETs are almost always at our scale or not far from it, but this is just a prejudice.
The number of ETs can be one or many. Finding thousands or millions of ETs will be much more distressing or exhilarating than one or two samples.
The living state of ETs could be fossil, dormant or living. The closer to the living, the higher the impact would be. Although a dormant advanced ET could also be quite intriguing or exciting, if not scary.
The dimensions of clarity, communicative intent, knowledge of us and influence on us presuppose ETI, possibly more advanced than us. If ETI communicates, the message can be clear or ambiguous. There could be many reasons for a signal or observation to be ambiguous, due to us as observers or them as transmitters, e.g. if ETs broadcast several conflicting messages (see also Harrison 1997, 202) .
The communicative intent dimension is similar to the "class of phenomenon" in the Rio scale. It can be null (as I argued), or it could be null, but we snoop a message. It could also be limited in several ways. First, limited for our own good (benevolent), such as the Prime Directive; second, it could also be limited to do us harm (malevolent), like in Fred Hoyle's novel A for Andromeda. It could also be limited for specific purposes such as beacon, navigation, which would be a more neutral message, omnidirectional, not Earth-specific. We could also imagine a full, transparent communicative intent, even if this does not guarantee full mutual comprehension. For more on the diversity of signal detection scenarios, see e.g. (Tarter 1992) .
Their knowledge of us could amount to nothing, but they could know some things or even nearly everything about us, if they had been observing the Earth for billions of years. To the limit, their knowledge of us could even have turned into an influence upon us. Although it sounds like material for science fiction or ufology, it remains a possibility that ETs have or had a low or high influence on us (consider e.g. panspermia or directed panspermia).
-Envisioning humanity's reaction: objective dimensions
Let us now turn to the 16 dimensions that are key to understand the impact on humanity (Fig. 3-4) . They are classified in three categories: objective, subjective and intersubjective categories which have proven their worth in the history of ideas (Vidal 2012) .
The main 'objective' or scientific impact of finding ETs will be to literally universalize our knowledge. For now, only physics and some chemistry have been proven to hold beyond the confine of our atmosphere. As Table 2 illustrates, all other domains of knowledge remain to be universalized. However, thinking in an astrobiological or cosmological context, we have already started to universalize many domains of knowledge. If we find ETs, the more domains of knowledge become universalized, the greater the impact. The minimal impact here is that biology will be universalized once we find life beyond Earth. It would already be an immense breakthrough, but at the limit, the universalization of knowledge could be maximal, as some astrobiologists have explored (see references in Table 2 I argued that the speed of discovery will be slow, but I may turn out to be wrong. Compare for example intercepting a message in plain English versus a cryptic message that takes us 20 years to decode. The most likely scenario is that opinions will oscillate with strong arguments sometimes supporting, sometimes refuting the claim of discovery. The faster the scientific community converges, the higher the impact will be. This dimension is similar to the credibility factor in the Rio scale.
The data quality we gather could be low or high depending on whether it is steady or transient, complete or incomplete, clear or ambiguous. The clearer, more complete and steadier, the higher the quality it will be and the more seriously the discovery will be taken.
The source of discovery could come from mainstream astrobiology, searching for life in our solar system, or hunting Earth-like planets. It could also come from astroengineering, or search for extraterrestrial artefacts (SETA), or SETI as practiced by the SETI institute. But it could also be a reinterpretation of existing phenomena. For example, if some UFO reports would end up convincing the scientific community. Importantly, authors have argued that ETs could already be in our astrophysical data (Shvartsman, cited in Heidmann and Klein 1991, 390:393; Davies 2010, 124; Vidal 2014a, 205) . Should the scientific community be ashamed if ETs would turn out to already have been in our data? I don't think so, and previous scientific revolutions support this view. Newton's or Darwin's contributions were not in the discovery of new gravitational bodies or new living species. Their contribution was to propose new theories to explain and interpret a variety of already known gravitational phenomena and already known living species. Finally, if we would have a reply to one of the few messages we sent to space, i.e. a response to active SETI, the impact would certainly be extremely exciting.
Our knowledge of them could be minimal, for example if we discover a cryptic message, we would know nothing except their existence. We could k n o w some more, or even nearly everything about them. Note that this dimension needs to be compared with their knowledge of us (9): the more asymmetry in our disfavor, the more distressing it would be for us.
-Envisioning humanity's reaction: intersubjective dimensions
Turning to the intersubjective or social group of dimensions, the first impression is crucial, because it could lead to butterfly effects (Harrison 1997, 199; Tarter 1992) . Indeed, cycles of interactions, depending on whether they start on good or bad terms, could bifurcate either towards friendly relationships or to fearful ones. Overall, the first impression can thus be positive or negative.
Whether the socio-political context is stable or unstable will also play an important role, especially in forming the first impressions and in shaping the first reactions (Harrison 1997 ). An initial and promising discovery may also lead to a symbolic cold war to secure the discovery, like the race between the soviets and the USA to fly to the Moon.
The dissemination of the news can be transparent, trustworthy, following existing recommendations and protocols. But it could as well become unreliable, triggering rumors, disbeliefs and confusion (Harrison 1997, 206-213) .
Academia is strongly influenced by a Western world philosophy, but as comparative philosophers have observed (e.g. Bahm 1995; Smith 1957) , there are obviously other major world philosophies to take into account, such as the Indian and the Chinese ones. This is especially important to take into account if we want to study the global impact, considering the large world population which holds a non-western philosophy.
How will various religious groups react? As previous studies have shown (e.g. Vakoch and Lee 2000) , the religious affiliation matters less than a belief in anthropocentrism o r non-anthropocentrism. Still, given how important the influence of religions is to billions of people, we must study how religious belonging would affect the impact. Specific cases may be important to monitor, such as the reactions of UFO religions.
-Envisioning humanity's reaction: subjective dimensions
In the subjective group (Fig. 4) , the single most important dimension is our preconception of ETs (Connors 1976) . Depending on whether we were near from the truth or far from the truth, reactions will vary immensely. This dimension can thus be assessed differentially, by drawing two versions of the spider diagram in Fig. 2 (the dimensions 1-10) . One version is how we imagine ETs to be, and the second version is how ETs really are, to be drawn at the time of discovery. If the two spider diagrams overlap perfectly, it means that we were spot on, and the discovery will not surprise us. But if we turn out to be wrong in all options of the 10 dimensions, it will be a big surprise if not a psychological shock.
The dimension of worldview assesses if the discovery leads to no change in worldview, or to major changes. Two worldview models can be used for this purpose. First, using the collated model of Koltko-Rivera (2004) , which is composed of 42 dimensions collated in groups such as human nature, will, cognition, behavior or truth. This model proposes a total of 119 options, to be chosen in the various dimensions. Again, the impact on worldviews can be assessed differentially, before and after the discovery of ETs. The worldview impact is the difference between your current worldview and the new worldview that finding ETs implies. If your worldview wouldn't change for any ET detection scenario (dimensions 1-10), it means you're truly ready. But double check that you are not in denial, rationalizing and protecting your old worldview. A direct (non-differential) assessment would require confronting the whole landscape of worldviews with the landscape of possible detections of ETs. The other worldview model is the one of Leo Apostel (Aerts et al. 1994; Vidal 2008) . Here, a worldview is defined as answers to big questions such as: Where does it all come from? Where are we going? What is good and what is evil? What is true and what is false? This model allows to ask: Does the discovery of ETs change your views on the origin of the universe? On the future? On morality? On the nature of knowledge? Here we can contrast the London scale with the present approach, taking the example of panspermia. On the London scale, the scenario scores relatively low (1.4 to 2.8 out of 10) (Almár and Race 2011, 691) . However, if proven true, panspermia would require to re-write our worldview answer to "where does it all come from?", regarding the origin of life on Earth. For many people, such a discovery would come as a shock, because it would refute the story of cosmic evolution that most hold today. Note that a disconfirmation of a worldview can be both transformative or catastrophic.
Psychologists have shown that as humans grow, their motor skills, cognitive abilities, moral reasoning, emotional coping mechanisms, and their self-concept develop in stages (e.g. Piaget 1954; Kohlberg 1984; Laske 2008) . Different people at different stages of development will certainly react differently to the discovery of ETs. This approach is especially useful to study, because developmental theories aim to relate many psychological dimensions, from feelings and motivation, to ethics and learning strategy (e.g. Graves 1974) . People in lower stages will react differently than people in higher stages. Note that one effect of the discovery could also trigger changes in developmental stage. Generally, a person grows up in stages, simply because higher stages are more adaptive, allowing to successfully deal with more or more complex situations. Even if the worldview change is catastrophic at first, hopefully the discovery of ETs could later become transformative and trigger profound psychological changes to higher stages.
A robust psychological theory is Maslow's (1954) hierarchy of needs. Which level or levels of Maslow's hierarchy would the discovery affect? It could affect basic needs, or higher needs. For example, an ET microbe which would make all our food poisonous would be a disaster for everyone, affecting physiological and safety needs of the whole planet. By contrast, the discovery of a lost civilization, with no impact on daily behavior and functioning would only impact people who wonder about the position of mankind in the universe. Almost all scenarios would not impact basic human needs. In this pragmatic sense, we can argue that most potential discoveries (especially those far from Earth) will have a weak impact on a vast majority of people, because they won't need to change their behavior.
People of younger o r older age will react differently. Younger generations are generally more progressive, more open to new experiences and discoveries. They are likely to be more open and more affected by the discovery, while older generations might either deny the discovery or try to make it fit with their older worldview, instead of changing it radically. Note that the "age" dimension overlaps with the "developmental stage" dimension.
Different personality types will be more or less sensitive or insensitive to the discovery. Although personality and worldview overlap, little research has been done on this topic (Koltko-Rivera 2004, 44) , so it make sense to consider personality as a dimension on its own. Harrison (1997, 245-248) discussed various personality traits which would affect human reactions. For example, the emotional stability (how well a person copes with stress), the rigidity or dogmatism of his worldview (how hard it is to change it), the default affectivity stance (positive and cheerful, versus negativistic and anxious), as well as the self-esteem (low or high). Obviously, someone emotionally stable, flexible in his worldview, positively minded, and with a high self-esteem will react much better than someone with the opposite attributes.
-Discussion
Let us discuss our dimensions and options. Regarding ETs, dimensions 1-3 are the most important parameters. As Harrison (1997, 237) put it: "If we believe that their technology is not much better than ours, that they are safely sequestered in some remote corner of the universe, and that they are basically "good guys", we will feel less threatened than if they have an overwhelming technical superiority, are already in our neighborhood, and seem unfavorably disposed toward humans".
Regarding the human side, I selected dimensions (a-p) relevant for the question of impact. Assessing the impact on us presupposes that we have a model of humanity. This is of course extremely hard to do, and would require nothing less than a synthesis of social sciences. No modeling is neutral and purely objective. Modeling always has a goal (Sterman 2000) . What is the goal that we pursue when we try to model impacts of discovering ETs? Different goals will require different models, focusing on different dimensions. My own goal and hope is that these two sets of dimensions will prove useful as a conceptual framework and repository for researchers and policy makers to explore the landscape of impacts related to the discovery of ETs. One could choose to focus on studying the impact on a common profile of most people, or some specific categories of people (e.g. decision makers, leaders), or on different human activities (academia, religions, politics, public health, economics, etc.) .
Focusing on the impact on humanity may also be too restrictive for a whole class of scenarios where ETL affects not only the human species, but also the whole ecosystem. An example would be a bacterial colony coming from a meteorite and contaminating and disturbing the whole ecosystem.
Mark Neal (2014) recently reviewed the question of ETs in the context of risk management. There are of course many risks we can imagine, but what if the discovery is also a great opportunity to grow and learn? Is there a field of research such as "opportunity management"? If one wants to stick with risk management, then we need to consider the risk of not making the most of the opportunities. For now, we have the opportunity to prepare for discovery, which means to explore an immense landscape of possibilities. In the end, we may learn more now that we are free to explore the landscape of possibilities, rather than after the actual discovery, which would put constraints on the landscape. The astrobiological journey may be more important than the destination.
Does the model have too many dimensions? Multiplying the options, we see that there are 172 800 possibilities (i.e. spider diagrams) for ETs, and 442 368 on the side of humanity. Putting the two together, this totals to more than 76 billion scenarios to study! With Koltko-Rivera (2004, 28) , I'd argue that it's a better approach to start with too many dimensions rather than too few:
Ultimately, multivariate empirical research will reveal which dimensions are actually distinct from one another. Put crudely: "Factor analyze them all-let eigenvalues sort them out." If one starts out with a detailed set of dimensions, research may reveal a simpler structure. Starting out with too small a set of dimensions would make it difficult or impossible to determine whether a more complex approach is needed. Whether tailoring clothing or theory, it is wise to start with more material than the finished product will require.
Further work needs to be done to tailor the model I proposed. As we mentioned, developmental psychology theorists may see patterns at different stages of cognitive, emotional and moral development, and thus could reduce the space of human reactions. An other approach would be to reduce the state space thanks to decision trees (see Billingham 2002) . For example, if bacteria are found on Mars, we don't need to consider the parameters of communicative intent.
Preparing for this major discovery, educating people to cosmic evolution and a wide array of possible detections and reactions is the most useful thing we can do now. If people entertain a cosmic culture, they will be much more ready to absorb the news that we are not alone in the universe.
-Conclusion
I first argued that humans are unlikely to meet peers, and more likely to discover either microbial life or Kardashev Type II stellar civilization. Those two encounters will be non-communicative, as such extraterrestrials would be either immensely inferior or immensely superior to us.
I then argued that the discovery will be slow, as arguments and counterarguments will likely be difficult to resolve conclusively, leading to waning public and media interest, and possibly an anti-climatic announcement when a discovery is actually confirmed.
Finally, getting ready for impact means that a smooth absorption should be our goal. This can be achieved by remaining aware of the wide array of possible extraterrestrials, and human reactions. To this end, I introduced a new multidimensional impact model covering both what extraterrestrials would be like and the possible socio-psychological reactions of humans.
Anticipating and preparing for every single scenario out of the 76 billion entailed by the model is clearly preposterous (see also Harrison 2007, ch. 9) . But it would certainly be valuable to explore this space of possibilities in more depth and identify the most hazardous ones for human psyche and society.
Taking even wider perspectives, we should also care beyond humanity, to also preserve the Earth ecosystem. Looking at the other side of the impact, we should also study our impact on possible ecosystems at the scales of the solar system, the galaxy or the universe. I hope this model will provide a useful framework for researchers and policy makers to explore and appreciate the diversity and complexity of possible impacts.
-Acknowledgments
